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(57) ABSTRACT

A mask frame assembly including a frame and a mask
having a first surface that contacts the frame. The mask
includes an active area and pattern holes formed 1n the active
area, the pattern holes being configured to allow a deposition
material to pass through the mask. The mask also includes
a rib portion disposed outside the active area and configured
to block the deposition material from passing through the
mask and a non-magnetic reinforcing member disposed on
a part of the rib portion.
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MASK FRAME ASSEMBLY, A METHOD OF
MANUFACTURING THE SAME, AND A
METHOD OF MANUFACTURING A DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a Divisional of U.S. patent application
Ser. No. 14/960,790, filed on Dec. 7, 2015, and claims

priority from and the benefit of Korean Patent Application
No. 10-2015-0057333, filed on Apr. 23, 20135, which are
hereby 1incorporated by reference for all purposes as 11 fully
set forth herein.

BACKGROUND

Field

Exemplary embodiments relate to a mask frame assembly,
a method of manufacturing the same, and a method of
manufacturing a display apparatus.

Discussion of the Background

Many researchers consider organic light-emitting diode
(OLED) display (e.g., flat-panel OLED display) as the
next-generation display due to 1ts wide viewing angle, high
contrast ratio, low driving voltage, light and thin design, and
fast response time.

Light-emitting devices are classified mnto morganic light-
emitting devices and organic light-emitting devices accord-
ing to materials used to form emission layers. Since organic
light-emitting devices have a higher brightness and a faster
response time than inorganic light-emitting devices and may
realize color display, the organic light-emitting devices have
been actively studied 1n recent years.

Typical manufacture of an organic light-emitting display
may include forming on an organic film and/or an electrode
via vacuum deposition. However, using typical manufactur-
ing techniques when manufacturing high-resolution organic
light emitting displays may result 1n a low quality organic
light emitting display with a large shadow eflect (i.e.,
unintended excessive shadowing due to high-incident-angle
molecules relative the normal angle).

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background of the inventive concept, and, therefore, 1t may
contain information that does not form the prior art that 1s
already known 1n this country to a person of ordinary skill
in the art.

SUMMARY

Exemplary embodiments include a mask frame assembly,
a method of manufacturing the same, and a method of
manufacturing a display.

Additional aspects will be set forth 1n part 1n the descrip-
tion which follows, and, 1n part, will be apparent from the
disclosure, or may be learned by practice of the iventive
concept.

An exemplary embodiment discloses a mask frame
assembly including a frame and a mask having a first surface
that contacts the frame. The mask includes an active area and
pattern holes formed in the active area, the pattern holes
being configured to allow a deposition material to pass
through the mask. The mask also includes a rib portion
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2

disposed outside the active area and configured to block the
deposition material from passing through the mask and a
non-magnetic reinforcing member disposed on a part of the
rib portion.

An exemplary embodiment also discloses a method of
manufacturing a mask frame assembly. The method includes
forming pattern holes in an active area of a mask, forming
at least one of reinforcing holes and reinforcing grooves
outside the active area of the mask, injecting a non-magnetic
reinforcing member into the at least one of the reinforcing
holes and the remnforcing grooves, and providing the mask
on a frame over an opening 1n the frame. The pattern holes
are configured to allow a deposition material to pass through
the mask and the at least one of the reinforcing holes and the
reinforcing grooves define a rib portion that 1s configured to
block a transmission of the deposition material.

An exemplary embodiment also discloses a method of
manufacturing a display. The method includes depositing at
least one of an organic film and a second electrode by using
a mask frame assembly. The mask frame assembly includes
a mask including pattern holes formed 1n an active area of
the mask and configured to allow a deposition material to
pass through the mask, a rnib portion disposed outside the
active area and configured to block a transmission of the
deposition material, and a non-magnetic reimnforcing member
that 1s formed on at least a part of the rib portion. The mask
frame assembly also includes a frame including an opening
in a central portion of the frame and through which the
deposition material passes and configured to support two
ends of the mask.

The foregoimng general description and the following
detailed description are exemplary and explanatory and are
intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the inventive concept, and
are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the inventive concept,
and, together with the description, serve to explain prin-
ciples of the inventive concept.

FIG. 1 1s an exploded perspective view of a mask frame
assembly according to an exemplary embodiment.

FIG. 2 1s a plan view of a mask of FIG. 1.

FIG. 3 1s an enlarged view of a portion E of FIG. 2.

FIG. 4 15 a cross-sectional view of the mask taken along
line II-II' of FIG. 2.

FIG. 5 and FIG. 6 are cross-sectional views of FIG. 4
according to exemplary embodiments.

FIG. 7 1s a cross-sectional view illustrating a case where

pattern grooves are formed 1n a rib portion of the mask of
FIG. 4.

FIG. 8, FIG. 9, FIG. 10, and FIG. 11 are cross-sectional
views of FIG. 7 according to exemplary embodiments.

FIG. 12 1s a cross-sectional view of a display apparatus
manufactured by using the mask frame assembly of FIG. 1.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

In the following description, for the purposes of expla-
nation, numerous specific details are set forth 1 order to
provide a thorough understanding of various exemplary
embodiments. It 1s apparent, however, that various exem-
plary embodiments may be practiced without these specific
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details or with one or more equivalent arrangements. In
other 1nstances, well-known structures and devices are
shown 1n block diagram form 1n order to avoid unnecessarily
obscuring various exemplary embodiments.

In the accompanying figures, the size and relative sizes of
layers, films, panels, regions, etc., may be exaggerated for
clarity and descriptive purposes. Also, like reference numer-
als denote like elements.

When an element or layer 1s referred to as being “on,”
“connected to,” or “coupled to” another element or layer, 1t
may be directly on, connected to, or coupled to the other
clement or layer or intervening elements or layers may be
present. When, however, an element or layer 1s referred to as
being “directly on,” “directly connected to,” or “directly
coupled to” another element or layer, there are no interven-
ing elements or layers present. For the purposes of this
disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ.,
XYY, YZ, and Z7. Like numbers refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

Although the terms “first,” “second,” etc. may be used
herein to describe various elements, components, regions,
layers, and/or sections, these elements, components, regions,
layers, and/or sections should not be limited by these terms.
These terms are used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, layer,
and/or section without departing from the teachings of the
present disclosure.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for descriptive purposes, and, thereby, to describe one ele-
ment or feature’s relationship to another element(s) or
teature(s) as 1illustrated in the drawings. Spatially relative
terms are intended to encompass diflerent orientations of an
apparatus in use, operation, and/or manufacture 1n addition
to the orientation depicted i1n the drawings. For example, 1
the apparatus in the drawings 1s turned over, clements
described as “below” or “beneath™ other elements or fea-
tures would then be oriented “above” the other elements or
teatures. Thus, the exemplary term “below” can encompass
both an orientation of above and below. Furthermore, the
apparatus may be otherwise oriented (e.g., rotated 90
degrees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limat-
ing. As used herein, the singular forms, “a,” “an,” and “the”
are intended to include the plural forms as well, unless the
context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Various exemplary embodiments are described herein
with reference to sectional illustrations that are schematic
illustrations of 1dealized exemplary embodiments and/or
intermediate structures. As such, variations from the shapes
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4

of the 1llustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
exemplary embodiments disclosed herein should not be
construed as limited to the particular illustrated shapes of
regions, but are to include deviations in shapes that result
from, {for instance, manufacturing. For example, an
implanted region illustrated as a rectangle will, typically,
have rounded or curved features and/or a gradient of implant
concentration at 1ts edges rather than a binary change from
implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implan-
tation 1n the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated 1n the drawings are schematic in
nature and their shapes are not itended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill 1n the art to
which this disclosure 1s a part. Terms, such as those defined
in commonly used dictionaries, should be interpreted as
having a meaning that 1s consistent with their meaning in the
context of the relevant art and will not be interpreted 1n an
idealized or overly formal sense, unless expressly so defined
herein.

FIG. 1 1s an exploded perspective view of a mask frame
assembly 10 according to an exemplary embodiment. FIG.
2 15 a plan view of a mask 200 of FIG. 1. FIG. 3 1s an
enlarged view of a portion E of FIG. 2.

Referring to FIG. 1, the mask frame assembly 10 may
include a frame 100 and the mask 200. The frame 100 and
the mask 200 may be coupled to each other by various
methods. In an exemplary embodiment, the frame 100 and
the mask 200 may be coupled to each other by welding both
ends of the mask 200 to the frame 100.

The frame 100 may include a first support portion 101, a
second support portion 102, a third support portion 103, and
a fourth support portion 104. The first support portion 101
and the second support portion 102 may be spaced apart
from each other such that the first support portion 101 and
the second support portion 102 are substantially parallel in
an X-axis direction. The third support portion 103 and the
fourth support portion 104 may be spaced apart from each
other such that the third support portion 103 and the fourth
support portion 104 are substantially parallel 1n a Y-axis
direction.

The first support portion 101 and the second support
portion 102 may form an outer {frame of the mask frame
assembly 10 by connecting to the third support portion 103
and the fourth support portion 104. Although FIG. 1 1llus-
trates one opening 105 having a rectangular shape may be
formed 1 a central portion of the frame 100 1n FIG. 1,
exemplary embodiments are not limited thereto. The open-
ing 105 may have any of various shapes such as a circular
shape, an elliptical shape, or a polygonal shape. The frame
100 may also have more than one opening 105. Also, the
frame 100 may be formed from at least one of a metal and
a synthetic resin.

The third support portion 103 and the fourth support
portion 104 may be disposed to be parallel to the mask 200.
In this case, since multiple masks 200 extend 1n a longitu-
dinal direction of each of the third support portion 103 and
the fourth support portion 104, the frame 100 may be formed
of a material having a suflicient rigidity and having a
predetermined elastic force.
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Referring to FIG. 2, the mask 200 may be a stick-type
mask. The mask 200 may include an active area 210 through
which a deposition material passes. The mask 200 may
include a rib portion 220 that 1s formed outside the active
area 210 and blocks transmission of the deposition material.
The mask 200 may also include a reinforcing member 230
that 1s formed on at least a part of the rib portion 220 and 1s
non-magnetic.

Referring to FIG. 3, pattern holes 211 may be formed in
the active area 210 of the mask 200. During a deposition
process, a deposition material that passes through the pattern
holes 211 may be deposited on a substrate (not shown), and
thus, a deposition area may be defined on the substrate by the
active area 210 and the pattern holes 211 of the active area.

The mask 200 may be a magnetic thin film. The magnetic
thin film may be formed of mickel or a nickel alloy. For
example, the mask 200 may be formed of a nickel-cobalt
alloy, which has excellent surface roughness characteristics
and by which fine patterns may be easily formed.

The mask 200 may be manufactured by using an etching
method. The mask 200 may be manufactured by forming a
photoresist layer having the same pattern as each of the
pattern holes 211 on a thin film by using a photoresist or by
attaching a film having patterns of the pattern holes 211 to
a thin film and etching the thin film. The mask 200 may be
manufactured by using electroforming or electro-less plat-
ng.

Although FIGS. 1, 2, and 3 1llustrate the pattern holes 211
having a rectangular shape to form a masking pattern on the
active area 210, exemplary embodiments are not limited
thereto. In other words, the number, positions, and shapes of
the pattern holes 211 of FIGS. 1, 2, and 3 may be of any
suitable number, position, and shape. For example, each
pattern hole may have a dot shape. In other examples, a
masking pattern that 1s entirely opened may be formed on
the active area 210 or a masking pattern having a stripe
shape may be formed on the active area 210. For ease of
reference and not by way of limitation, the mask 200 will be
described as including five active areas 210 and 25 pattern
holes 211 are formed 1n each of the five active areas 210.

Although not shown, the mask 200 may be formed as one
large member. In this case, since warpage due to the weight
of the mask 200 may become severe, the mask 200 may be
manufactured as a multiple stick-type members, as shown in
FIGS. 1, 2, and 3. Although FIG. 1 1s an exploded perspec-
tive view illustrating one mask 200, for ease of reference, the
masks 200 may be disposed to cover the entire opeming 105
alter a manufacturing process 1s completed. For ease of
reference, the mask 200 will be described as stick-type
members, as shown 1n FIG. 1.

Referring to FIGS. 2 and 3, the rib portion 220 disposed
outside the active area 210 (1.e., the non-active area R) 1n the
mask 200 may prevent a deposition material from passing,
through the mask 200 1n the rib portion 220 and reaching the
substrate. Reinforcing holes 221 may have a similar cross-
sections (or shape) as the pattern holes 211 of the active area
210. The reinforcing holes 221 may be formed in the rnb
portion 220. The reinforcing holes 221 may be formed to
pass through the mask 200, like the pattern holes 211, and
the reinforcing member 230 may be injected into the rein-
forcing holes 221.

Referring to FIG. 3, the reinforcing member 230 may be
formed 1n the reinforcing holes 221 that are hatched. The
pattern holes 211 of the active area 210 that are not hatched
are Tormed to pass through the mask 200.

Remnforcing members 230, 230q, and 23056 that are
formed 1n the remnforcing holes 221 of the rib portion 220
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6

according to various exemplary embodiments will now be
described 1n detail with reference to FIGS. 4, 5, and 6.

FIG. 4 1s a cross-sectional view of the mask 200 taken
along sectional line II-II' of FIG. 2. FIGS. 5 and 6 are
cross-sectional views ol FIG. 4 according to other exem-
plary embodiments.

Referring to FIGS. 4, 5, and 6, the reinforcing members
230, 2304, and 2305 may each be formed of a non-magnetic
material. As shown in FIG. 4, the reinforcing member 230
may be formed to have a thickness T, that 1s equal to the
depth T, of the reinforcing holes 221. As shown 1n FIG. 5,
the reinforcing member 230q¢ may be formed to have a
thickness T, that 1s greater than the depth T, of the rein-
forcing holes 221. As shown in FIG. 6, the reinforcing,
member 2305 may be formed to have a thickness T, that 1s
less that the depth of T, of the reinforcing holes 221.

The remnforcing members 230, 230a, and 2305 may have
various shapes. The reinforcing members 230, 230q, and
230b may have various thicknesses T,. The thicknesses T,
of the reinforcing members 230, 230q, and 2305 may be
changed 1n various ways during processes of manufacturing
masks 200, 200a, and 2005. In particular, the thicknesses T,
of the reinforcing members 230, 230q, and 2305 may be
changed when preparing a deposition process based by using
an electrostatic chuck to adhere the masks 200, 2004, and
20056 to the substrate. During this preparation process, the
thicknesses T, may be altered depending on factors such as
rigidities of the masks 200, 200q, and 2005 and a magnetic
force applied to the masks 200, 200q, and 2005.

Because the reinforcing members 230, 230a, or 2305 are
injected into the reinforcing holes 221 to close the reinforc-
ing holes 221, a deposition material sprayed to the nb
portion 220 1s prevented from reaching the substrate because
the deposition material does not pass through the rib portion
220. In other words, a deposition material that 1s sprayed
from a deposition source toward the mask 200 may be
deposited on the substrate only through the pattern holes 211
of the active area 210 and a deposition material sprayed
toward the rib portion 220 may be completely blocked by the
rib portion 220.

The pattern holes 211 and the reinforcing holes 221 may
be manufactured by using electroplating or electro-less
plating. More specifically, a photoresist PR may be coated
on a base substrate (not shown) and exposure and develop-
ment may be performed by using a photomask. Patterns are
formed on a photoresist layer and grooves are formed
between photoresist patterns during the development. In this
state, the grooves are filled by using electroforming plating
or electro-less plating. The photoresist patterns are removed,
thereby simultaneously forming the pattern holes 211 and

the reinforcing holes 221 over an entire surface of the mask
200.

After the mask 200, 200q, 20056, including the pattern
holes 211 and the reinforcing holes 221, 1s prepared, the
reinforcing member 230, 2304, or 2305 may be 1njected nto
the reinforcing holes 221. The reinforcing member 230,
230a, or 2306 may be 1njected into the reinforcing holes 221
that are formed 1n the rib portion 220, to increase a rigidity
of the mask 200.

If the remnforcing holes 221 are not formed in the rib
portion 220, the nb portion 220 1s entirely formed of a
magnetic material that 1s used to form the mask 200. More
specifically, the mask 200 1s formed of a material such as
nickel or a nickel-cobalt alloy. Since the material has a
relatively high weight, 1if multiple stick-type masks 200 are
tformed on the frame 100, the masks 200 may be warped due
to their weights.
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In this case, a gap 1s formed between each of the masks
200 and the substrate (not shown) that needs to be adhered
during a deposition process in order to improve the precision
of the deposition process may be formed. Thus a shadow
ellect, mn which a deposition material 1s deposited on an
undesired area, may occur.

When the rib portion 220 is entirely formed of a magnetic
material used to form the mask 200, there 1s a great
difference of a volume of a magnetic material between the
active area 210 and the r1ib portion 220 at a boundary portion
between the active area 210 and the rib portion 220. Due to
the great difference of the volume of the magnetic material
between the active area 210 and the rnib portion 220, when
the mask 200 1s adhered to the substrate by using an
clectrostatic chuck (not shown) during a deposition process,
a repulsive force by which the mask 200 i1s pushed away
from the substrate 1s formed at the boundary portion
between the active area 210 and the rib portion 220. Once
the electrostatic chuck pushes the mask 200, instead of
pulling the mask 200 toward the substrate, a gap 1s formed
between the mask 200 and the substrate and a shadow effect
occurs as described above.

However, when the remnforcing holes 221 are formed in
the rib portion 220 and non-magnetic reinforcing member
230, 230q, or 23050 may be 1njected 1nto the reinforcing holes
221, the nib portion 220 may prevent a deposition material
from reaching the substrate during a deposition process, a
rigidity of the mask 200 that may be reduced due to the
reinforcing holes 221 may be maintained, and a repulsive
force that 1s formed at a boundary between the active area
210 and the rib portion 220 may be removed, thereby
making 1t possible to adhere the mask 200 to the substrate.

In detail, when the reinforcing member 230 1s formed of
a non-magnetic material and 1s 1mnjected nto the reinforcing
holes 221, a magnetic force applied between the substrate
and the mask 200 may be uniformly formed. More specifi-
cally, shapes and sizes of the reinforcing holes 221 that are
tormed 1n the rib portion 220 may be substantially the same
as those of the pattern holes 211 that are formed in the active
arca 210. In this case, since a magnetic material 1s uniformly
formed on the entire surface of the mask 200 to have
repeated patterns, a magnetic force 1s uniformly applied to
the entire surface of the mask 200.

Next, the rib portion 220 of FIGS. 4, 5, and 6 according
to other exemplary embodiments will be explained with
reference to FIGS. 7, 8, 9, 10, and 11.

FIG. 7 1s a cross-sectional view illustrating a case where
pattern holes are formed 1n the rib portion 220 of the mask
200 of FIG. 4. FIGS. 8, 9, 10, and 11 are cross-sectional
views ol FIG. 7 according to other exemplary embodiments.

Referring to FIG. 7, reinforcing grooves 222 may be
tformed 1n the rib portion 220 of a mask 200c¢. The reinforc-
ing grooves 222 may have a predetermined depth 1n the rib
portion 220 of the mask 200c, unlike the reinforcing holes
221 of FIGS. 4, 5, and 6 that pass through the mask 200.

Reinforcing members 230¢, 2304, 230e, 230/, and 230g
may have various shapes and may be 1njected into reinforc-
ing grooves 222. The reinforcing members 230c, 2304,
230e, 230/, and 230g may each be formed 1n at least one
reinforcing groove 222 of the reinforcing grooves 222. The
reinforcing members 230¢, 2304, 230e, 230/, and 230g may
cach be formed 1n at least one surface of each of the masks
200c¢, 2004, 200¢, 200/, and 200¢ that contacts the frame 100
and the other surface that faces the substrate. More specifi-
cally, FIGS. 7, 8, and 9 illustrate a case where the reinforcing
grooves 222 are formed 1n one surface of each of the masks

200c, 2004, and 200e. FIGS. 10 and 11 illustrate a case
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where the reinforcing grooves 222 are formed in the other
surface of each of the masks 200/ and 200g. As shown 1n
FIG. 11, the reinforcing holes 221 and the reinforcing
grooves 222 may be simultaneously formed i1n one mask
200g. The reinforcing member 2302 may be formed 1n each
of the reinforcing holes 221 and the reinforcing grooves 222.

The reinforcing members 230c¢, 230d, 230e, 2307, and
230¢ that are each formed 1n the reinforcing grooves 222
may be tormed to have various thicknesses T,. As shown 1n
FIG. 7, the reinforcing member 230¢c may be formed to have
the thickness T, that 1s equal to the depth T; of the rein-
forcing grooves 222. As shown in FIG. 8, the reinforcing
member 2304 may be formed to have the thickness T, that
1s less than the depth T, of the reinforcing grooves 222. As
shown 1n FIG. 9, the reinforcing member 230e may be
formed to have the thickness T, that 1s greater than the depth
T, of the reinforcing grooves 222.

Referring to FIG. 9, when the reinforcing member 230e 1s
formed to have the thickness T, that 1s greater than the depth
T, of the reinforcing grooves 222, the reinforcing grooves
222 may be formed in one surface of the mask 200e that
contacts the frame 100. For example, the reinforcing
grooves 222 may be formed 1n a bottom surface of the mask
200e¢.

If the reinforcing grooves 222 are formed 1n the other
surface of the mask 200e that faces the substrate and a
reinforcing member (not shown) 1s formed to have a thick-
ness that 1s greater than a depth of the reinforcing grooves
222, the pattern holes 211 of the active area 210 may not be
adhered to the substrate and may peel off by a distance
corresponding to the thickness of the reinforcing member
that protrudes toward the substrate from a surface of the
mask 200e, thereby failing to prevent a shadow eflect.

Accordingly, as shown 1n FIG. 10, when the reinforcing
grooves 222 are formed in the other surface (i.e., the top
surface) of the mask 200/, the reinforcing member 230/ may
be formed to have the thickness T, equal to the depth T, of
the reinforcing grooves 222.

FIG. 11 1llustrates the mask 200¢g including the rib portion
220 1n which the reinforcing holes 221 and the remnforcing
grooves 222 of FIGS. 4 and 10 are simultaneously formed
as described above. More specifically, the reinforcing mem-
ber 230g may be formed 1n at least a part of the rib portion
220 to have any of various shapes. As shown 1n FIG. 11, the
reinforcing member 230g formed in the reinforcing groove
222 may have a thickness T, , which 1s equal to the depth
T, of the reinforcing groove. The reinforcing member 230g
formed in the remnforcing hole 221 may have a thickness T,
that 1s equal to the depth T,, of the reinforcing hole 221.
Although FIG. 11 illustrates the mask 200¢g including the rib
portion 220 in which the reinforcing holes 221 and the
reinforcing grooves 222 of FIGS. 4 and 10, the reinforcing
member 230 may be formed in the rib portion 220 to have
any of various shapes other than those of FIGS. 4, 5, 6, 7,
8,9, 10, and 11.

A method of manufacturing the mask frame assembly 10,
according to an exemplary embodiment, will now be
explained.

The method of manufacturing the mask frame assembly
10 including the frame 100 and the mask 200 having one
surtace that contacts the frame 100 and the other surface that
faces a substrate (not shown) may include various method
steps. The method may include forming at least one of the
pattern holes 211. A deposition material may pass through
the pattern hole 211. The method may include forming
reinforcing holes 221 that pass through the mask 200 1n the
rib portion 220 of the mask 200. The method may include
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forming a reinforcing groove 222 in the rib portion 220 of
the mask 200. The remforcing groove 222 may have a
predetermined depth. The method may include injecting a
non-magnetic reinforcing member 230 into at least one of
the reinforcing holes 221. The method may include imjecting
a non-magnetic reinforcing member 230 into at least one of
the reinforcing grooves 222. The method may include dis-
posing the mask 200 on the frame 100 1n which the opening
105 1s formed.

The pattern holes 211 may define an active area through
which the deposition material passes. The reinforcing holes
221 and/or the reinforcing grooves 222 may define the rib
portion 220 that blocks transmission of the deposition mate-
rial.

The reinforcing member 230 may be formed of a paste-
type material and may be 1njected into the reinforcing holes
221 and/or the reinforcing grooves 222. After the reinforcing
member 230 15 1njected into the reinforcing holes 221 and/or
the reinforcing grooves 222, the reinforcing member 230
may be cured (e.g., through ultra violet radiation, through
heat, through a chemical reaction) to increase a rigidity of
the mask 200. The reinforcing member 230 may be formed
ol a non-magnetic material, such as a synthetic resin and/or
an epoxy resin.

The mask 200 may be fixed to the substrate by using a
device having a magnetic force, such as an electrostatic
chuck (not shown). In order to prevent peeling-oil or war-
page between the substrate and the mask 200, a constant
magnetic force may be applied between the substrate and the
mask 200.

When the remnforcing member 230 1s formed of a non-
magnetic material, a magnetic force may be uniformly
applied between the substrate and the mask 200. The pattern
holes 211 and the remnforcing holes 221 that are formed in
the mask 200 may be formed to have substantially the same
cross-sectional shape. In other words, the pattern holes 211
and the reinforcing holes 221 that are formed by using
clectroforming plating or electro-less plating may be uni-
tormly distributed over the entire surface of the mask 200.
Since a portion of the mask 200, to which a magnetic force
1s applied, 1s formed to have repeated patterns, the magnetic
force may be uniformly applied to the mask 200.

The mask 200 may be fixed to the frame 100 by welding.
In this case, the mask 200 may extend in a longitudinal
direction and then both ends of the mask 200 may be welded
to the frame 100, thereby minimizing warpage due to the
weight of the mask 200.

When the mask 200 1s manufactured by general electro-
forming, a base metal 1s melted and then flowed 1n a portion
other than patterns through which a deposition material
passes. The mask 200 1s manufactured by melting a base
metal by using electroplating or electro-less plating and
filling the melted base metal 1n a portion other than patterns
through which a deposition material passes.

A portion of the mask 200 where the patterns are formed
may have a different thickness than a portion of the mask
200 where no patterns are formed. This 1s because a rigidity
of the mask 200 1s reduced due to the existence of an element
(¢.g., the pattern holes 211) which passes through the mask
200. An outer portion of the mask 200 (i.e., where the pattern
holes 211 are not formed) may be formed to be thicker than
an 1nner portion of the mask 200 so that a rigidity of the
mask 200 may be increased.

However, due to the thickness difference between the
portion where the patterns are formed and the portion where
no patterns are formed, when the mask 200 and the substrate
are fixed to each other by using a magnetic force, an
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intensity of a magnetic force applied to the entire surface of
the mask 200 may vary according to the portions of the mask
200. Thus, local peeling-ofl may occur between the substrate
and the mask 200. Once the mask 200 fails to be adhered to
the substrate and peels ofl from the substrate, the risk of a
shadow eflect 1s increased during a deposition process, as
described above.

In the mask frame assembly 10 according to exemplary
embodiments, since the pattern holes 211 and the reinforcing
holes 221 and/or the reinforcing grooves 222 may be formed
in the entire surface of the mask 200, a magnetic force
applied to the mask 200 may be uniformly distributed and
peeling-ofl between the substrate and the mask 200 may be
reduced.

A ngidity of the mask 200 that may be reduced due to the
existence of the reinforcing holes 221 and/or the reinforcing
grooves 222. However, the nigidity of the mask may be
increased by forming the reinforcing member 230 in the
reinforcing holes 221 and/or the remforcing grooves 222.

FIG. 12 1s a cross-sectional view of a display 300 manu-
factured by using the mask frame assembly 10 of FIG. 1.

Referring to FIG. 12, the display 300 may include a
substrate 310 and a display unit (not shown). Also, the
display 300 may include a thin-film encapsulation film E or
an encapsulation substrate (not shown) that 1s formed on the
display umit. In this case, the encapsulation substrate may be
the same as or similar to that used 1n a general display. Thus,
for brevity, a detailed explanation of the encapsulation
substrate will not be given. Also, for ease of reference, the
display 300 will be described as including the thin-film
encapsulation layer E.

The display unit may be formed on the substrate 310. In
this case, the display unit may include a thin-film transistor
(TEF'T), a passivation film 370 may be formed to cover the
TFT, and an organic light-emitting diode (OLED) device
380 may be formed on the passivation film 370.

In this case, the substrate 310 may include a glass
material. However, the exemplary embodiments are not
limited to the substrate 310 including a glass material. The
substrate 310 may include a plastic material. The substrate
may include a metal material such as stainless steel and/or
titanium (11) or an alloy of stainless steel and/or titanium.
Also, the substrate 310 may include polyimide (PI). For ease
of reference, the display 300 will be described as including
a substrate 310 including a glass material.

A bufler layer 320 may include an organic compound
and/or an 1norganic compound (e.g., S10,. (Xz1) or SiN,.
(X=z1)). The bufler layer 320 may be formed on a top surface
of the substrate 310.

An active layer 330 may be arranged to have a predeter-
mined pattern. The active layer 330 may be formed on the
bufler layer 320. The active layer 330 may be covered by a
gate msulating layer 340. The active layer 330 may include
a source region 331, a drain region 333, and a channel region
322 that 1s formed between the source region 331 and the
drain region 333.

The active layer 330 may include various matenals. For
example, the active layer 330 may include an inorganic
semiconductor material, such as amorphous silicon or crys-
talline silicon. Alternatively, the active layer 330 may
include an oxide semiconductor. Alternatively, the active
layer 330 may include an organic semiconductor materal.
However, for ease of reference, the display 300 will be
described as including an active layer 330 formed of amor-
phous silicon.

The active layer 330 may be formed by forming an
amorphous silicon film on the bufler layer 320, crystallizing
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the amorphous silicon film into a polycrystalline silicon
film, and patterning the polycrystalline silicon film. The
source region 331 and the drain region 333 of the active
layer 330 may be doped with impurities according to the
particular TF'T. For example, the particular doping used for
the source region 331 and the drain region 333 may depend
on whether the TFT 1s a driving TFT (not shown) or a
switching TFT (not shown).

A gate electrode 350 that corresponds to the active layer
330 may be formed on the gate insulating layer 340. An
interlayer msulating layer 360 may cover the gate electrode
350 and may be formed on a top surface of the gate
insulating layer 340.

A contact hole H1 may be formed in the nterlayer
insulating layer 360 and the gate msulating layer 340 over
the source region 331. An additional contact hole H1 may be
formed 1n the interlayer msulating layer 360 and the gate
insulating layer 340 over the drain region 333. A source
clectrode 371 and a dram electrode 372 are formed on the
interlayer insulating layer 360 to respectively contact the
source region 331 and the drain region 333 through the
respective contact holes HI.

The passivation film 370 may be formed over the TFT,
and a pixel electrode 381 of an organic light-emitting diode
(OLED) device may be formed over the passivation film
3770. The pixel electrode 381 may contact the drain electrode
372 of the TFT through a via hole H2 that 1s formed 1n the
passivation film 370. The passivation film 370 may include
an morganic material and/or an organic material. The pas-
sivation film 370 may have either a single-layer structure or
a multi-layer structure. The passivation film 370 may be
formed as a planarization film having a flat top surface
irrespective of a curved shape of a lower film that 1s disposed
under the passivation film 370 or may be curved along the
curved shape of the lower film. The passivation film 370
may include a transparent insulating material to achieve a
resonance eflect.

After the pixel electrode 381 1s formed on the passivation
film 370, a pixel-defining film 390 i1s formed to cover the
pixel electrode 381 and the passivation film 370 and to allow
the pixel electrode 381 to be exposed the pixel-defining film
390. The pixel-defining film 390 may include an organic
material and/or an inorganic matenal.

An intermediate layer 382 and a counter electrode 383
may be formed on at least the pixel electrode 381. The
intermediate layer 382 and the counter electrode 383 may be
formed on a portion of the pixel-defining film 390.

The pixel electrode 381 may function as an anode and the
counter electrode 383 may function as a cathode. Alterna-
tively, the polarities of the pixel electrode 381 and the
counter electrode 383 may be reversed.

The pixel electrode 381 and the counter electrode 383
may be insulated from each other by the intermediate layer
382. The pixel electrode 381 and the counter electrode 383
may apply voltages having different polarities to the inter-
mediate layer 382 so that an organic emission layer emits
light.

The intermediate layer 382 may include the organic
emission layer. Alternatively, the intermediate layer 382 may
include the organic emission layer, and may further include
at least one of a hole imjection layer (HIL), a hole transport
layer (HTL), an electron transport layer (ETL), and an
clectron 1njection layer (EIL).

One unit pixel P may include multiple subpixels. The
subpixels may emit light of various colors. For example, the
subpixels may include subpixels R, G, and B that respec-
tively emit red light, green light, and blue light (not shown).
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Alternatively, the subpixels (not shown) may emit red light,
green light, blue light, and white light.

The thin-film encapsulation layer E may include inorganic
layers, or an 1norganic layer and an organic layer.

The organic layer of the thin-film encapsulation layer E
may include a polymer. The organic layer of the thin-film
encapsulation layer E may be a single film or a stacked film
including at least one of polyethylene terephthalate, poly-
imide, polycarbonate, epoxy, polyethylene, and polyacry-
late. The organic layer may include polyacrylate. More
specifically, the organic layer may include a substance
obtained by polymerizing a monomer composition including
a diacrylate-based monomer and a triacrylate-based mono-
mer. A monoacrylate-based monomer may be further
included in the monomer composition. Also, a photoinitiator
such as a trimethylbenzoyl diphenylphosphine oxide (TPO)
may be further included 1n the monomer composition, but
the present exemplary embodiment 1s not limited thereto.

The morganic layer of the thin-film encapsulation layer E
may be a single film or a stacked film. The morganic layer
may include a metal oxide and/or a metal nitride. More
specifically, the morganic layer may include at least one of
SiN,, Al,O,, S10,, and T10.,.

An uppermost layer of the thin-film encapsulation layer E
that 1s exposed to the outside may be an organic layer in
order to prevent oxidation or moisture penetration into the
OLED device 380.

In an exemplary embodiment, the thin film encapsulation
layer E may include at least one sandwich structure where at
least one organic layer i1s inserted between at least two
iorganic layers. For example, the thin film encapsulation
layer E may include a first inorganic layer, a first organic
layer, and a second 1norganic layer sequentially from the
upper portion of the OLED device 380.

In an exemplary embodiment, the thin {ilm encapsulation
layer E may include a sandwich structure where at least one
inorganic layer 1s inserted between at least two organic
layers. For example, the thin film encapsulation layer E may
include the first organic layer, the first inorganic layer, and
a second organic layer sequentially from the upper portion
of the OLED device 380.

In an exemplary embodiment, the thin film encapsulation
layer E may include a sandwich structure where at least one
organic layer 1s inserted between at least two 1norganic
layers and a sandwich structure where at least one morganic
layer 1s 1nserted between at least two organic layers. For
example, the thin film encapsulation layer E may include the
first 1norganic layer, the first organic layer, the second
inorganic layer, a second organic layer, and a third inorganic
layer sequentially from the upper portion of the OLED
device 380. In another example, the thin film encapsulation
layer E may include the first inorganic layer, the first organic
layer, the second 1morganic layer, the second organic layer,
the third inorganic layer, a third organic layer, and a fourth
inorganic layer sequentially from the upper portion of the
OLED device 380.

A halogenated metal layer including lithtum fluoride (LiF)
may be additionally included between the OLED device 380
and the first morganic layer. The halogenated metal layer
may prevent the OLED device 380 from being damaged
when the first inorganic layer 1s formed by using a sputtering
method.

The first organic layer may have a narrower area than the
second 1norganic layer, and the second organic layer may
have a narrower area than the third mmorganic layer.

According to the one or more exemplary embodiments, a
deposition material may be precisely deposited on a sub-
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strate by increasing an adhesive force between the substrate
and a mask frame assembly during a deposition process.
However, the scope of the mventive concept 1s not limited
to this eflect.

One or more exemplary embodiments disclose a manu-
facturing process and a mask frame assembly that closely
adheres a substrate and a mask to each other by increasing
an adhesive force between the substrate and the mask.
According to the one or more exemplary embodiments, a
high-resolution organic light-emitting display of high dis-
play quality may be manufactured by reducing or removing,
a shadow ellect created by the separation of the substrate and
the mask during the manufacturing process.

Although certain exemplary embodiments and implemen-
tations have been described herein, other embodiments and
modifications will be apparent from this description.
Accordingly, the mventive concept 1s not limited to such
embodiments, but rather to the broader scope of the pre-
sented claims and various obvious modifications and equiva-

lent arrangements.

What 1s claimed 1s:
1. A method of manufacturing a mask frame assembly, the
method comprising:

forming pattern holes 1n an active area of a mask;

forming at least one of reinforcing holes and reinforcing
grooves outside the active area of the mask;

injecting a non-magnetic reinforcing member 1nto the at
least one of the reinforcing holes and the reinforcing
grooves; and

providing the mask on a frame over an opening in the
frame,

wherein the pattern holes are configured to allow a
deposition maternal to pass through the mask and the at
least one of the reinforcing holes and the reinforcing
grooves define a rib portion that 1s configured to block
a transmission of the deposition matenal.

10

15

20

25

30

35

14

2. The method of claim 1, wherein the non-magnetic
reinforcing member 1s disposed to equal a depth of the at
least one of the reinforcing grooves and the reinforcing
holes.

3. The method of claam 1, wherein the non-magnetic
reinforcing member has a thickness that 1s less than a depth
of the at least one of the reinforcing grooves and the
reinforcing holes.

4. The method of claam 1, wherein the non-magnetic
reinforcing member has a thickness that 1s greater than a
depth of the at least one of the reinforcing grooves and the
reinforcing holes.

5. The method of claim 4, wherein:
the non-magnetic reinforcing grooves are formed 1n a first

surface of the mask contacting the frame; and

the non-magnetic reinforcing member protrudes to the
first surface of the mask that contacts the frame and to
cover at least a part of the rib portion.

6. A method of manufacturing a display, the method

comprising:

depositing at least one of an organmic film and a second
clectrode by using a mask frame assembly,

wherein the mask frame assembly comprises:

a mask comprising:

pattern holes formed 1n an active area of the mask and
configured to allow a deposition material to pass
through the mask;

a r1b portion disposed outside the active area and config-
ured to block a transmission of the deposition matenal;

at least one of reinforcing holes and reinforcing grooves
disposed 1n the rib portion; and

a non-magnetic reinforcing member disposed in the at
least one of the reinforcing holes and the reinforcing
grooves; and

a frame having an opening i1n a central portion of the
frame and through which the deposition material passes

and 1s configured to support two ends of the mask.
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